Introduction
Infection with Helicobacter pylori in the stomach is highly associated with the development of gastritis and peptic ulcer disease [1, 2] . Indeed, H. pylori infection has further been implicated in gastric carcinogenesis [3, 4] . The prevalence of H. pylori infection varies widely by geographic area, ethnic group, socioeconomic status, and age [5] [6] [7] . Additionally, variations in age at acquisition of H. pylori can produce different effects in the gastric mucosa, resulting in the development of atrophic gastritis with a high risk of gastric cancer [8] . In developing countries, the majority of people become infected during childhood. Several studies have indicated that poor living condition are associated with the infection, with poor hygiene conditions [9] , sharing a bed [10] , and overcrowding being involved [11] . Investigations within families found that family members shared the same H. pylori strains, which indicates intrafamilial transmission [12] [13] [14] . Under natural circumstances, transmission could occur by the oral-oral or fecal-oral routes [15] [16] [17] , but no strong evidence exists to support the idea that either route is primary [18] .
The city of São Paulo, the third most populous city in the world, is located in the southern part of Brazil. The population is estimated to be 10.5 million and the number of Japanese descendants is estimated to be 400 000. Japanese Brazilians have maintained many aspects of Japanese culture; however, the geographical environment and lifestyle in Brazil are quite different from those in Japan. Our previous study with adult Japanese Brazilians showed that their overall H. pylori seropositivity was 48 .1%, with the pattern of the age-specific infection rate similar to that of Japanese in Japan [19] . The seropositivity rate was 61.8% among non-Japanese Brazilian blood donors [20] . On the other hand, gastric cancer mortality among Japanese Brazilians was reported to be as high as that among Japanese in Japan, which was more than 50% higher than that in nonJapanese Brazilians [21] .
Concerning the intrafamilial transmission of H. pylori, population-based studies have been rarely reported. To design preventive measures against H. pylori transmission, it is important to understand where and how the infection occurs. The aim of the present study was to assess the seroprevalence of H. pylori infection within family units of Japanese Brazilians residing in São Paulo city, and to identify the risk factors associated with intrafamilial transmission.
Subjects and methods

Location and subjects
The study was carried out in São Paulo city, where 47 associations, named for each prefecture of Japan; Japanese cooperative societies; country clubs of Japanese Brazilians; Japanese language schools; and many other nonprofit Japanese associations have been found. The subjects of this study were volunteers with apparently good health conditions. The family units in this study were defined as husband, wife, and at least one nonadopted child aged between 0 and 19 years. The study required that both parents were Japanese or Japanese descendants whose family members all lived in the same household. A weekly announcement was made in local Japanese newspapers to inform the population about the study and the locations of the centers for sample and data collection. Daily radio announcements were also made on Japanese radio stations during the collection period. In total, 250 Japanese associations announced to their members details of participating in the study through a standardized letter informing them about the study aims, procedure, and confidentiality. Data were collected from January to March 2002. The collection of lifestyle data and blood was conducted at 23 different locations, including Japanese schools (kindergartens and elementary schools), social clubs, and cultural associations.
Questionnaire
After signing an informed consent form, both husband and wife were asked to complete a standard questionnaire on his/her demographic data and lifestyle, which was reviewed by a trained interviewer. Questions on the children were filled out by one of the parents, usually the mother. The parents signed the form instead of their children providing consent. The questionnaire included items on demographic data (sex, age, and birthplace), familial origin by prefecture of Japan, socioeconomic status (education, income, living conditions, and hygiene), personal and family disease history, smoking history, alcohol drinking, reproductive history, mouth hygiene, and medical history of the children. Weekly frequency of food intake was also questioned. Concerning their children, the following questions were asked: number of children; who responded to the questionnaire; demographic data (sex, age, and birthplace); weight, height, and birthplace (hospital, home, and others); place each child lived at age 0-5 years (type of house and area); who lived with and spent most of the time with the child from age 0 to 5 years; how the child was fed: who fed the child most often, period of breast feeding and use of a nursing bottle, frequency of premastication of food by parents, use of a pacifier (yes or no) and whether parents put the pacifier into their own mouths to "clean" it (never, less than ten times; ten times or more), child's sleeping arrangements (frequency of the child sleeping with the mother, whether the child had their own room before age 5 years, number of children sharing the room and who shared a room with the child for more than 1 month); whether the parents had symptoms of nausea or vomiting (never, rarely/year, frequently/months) when with the child at age 0-5 years; whether the parents smoked or drank alcohol when with the child at age 0-5 years; whether parents cleaned their child after going to the toilet (never, always; rarely); frequency of the child taking a shower with adults other than the parents; child's frequency of natural food intake (home made), and the intake of commercial baby food, fruits, and pickled vegetables; and origin of the child's drinking water. The number of families was 273, representing 1054 subjects. Seventeen subjects from eight families who did not fulfill the family unit definition used in this study were excluded from the analysis. The remaining 1037 subjects (530 adults and 507 children) of 265 families of full Japanese ancestry were selected for the analysis. The samples were collected sequentially, without other inclusion or exclusion criteria, except for children with mental deficiency or chronic diseases. A 10-ml sample of venous blood was obtained from each family member. The blood samples were centrifuged and plasma was frozen at −20°C according to a predetermined protocol.
Laboratory tests
An anti-H. pylori IgG antibody test (E-plate; Eiken, Tokyo, Japan), was used for the identification of H. pylori-infected participants. The test was conducted at Mitsubishi Chemistry BCL (Tokyo, Japan), where routine measurement of the IgG antibody has been established.
Statistical analysis
For assessment of the prevalence of H. pylori infection in the study population, we performed analysis in children (0-19 years) and parents (21-69 years) separately. The associations between H. pylori seropositivity and risk factors were evaluated by sex-adjusted odds ratios (ORs) and 95% confidence intervals (95% CIs). The risk factors were categorized as shown in Tables 1-5 , and significant results were further examined with multiple logistic regression models. These calculations were conducted with the computer program STATA version 7 (STATA, College Station, TX, USA) [22] .
Ethical issues
This study was approved by the Ethics Committee of São Paulo University, School of Medicine, Brazil (Protocol no. 764/01), and the National Ethics Committee-CONEP, Brazil (Protocol no. 4123).
Results
The age and sex distributions of the 1037 subjects in the 265 families (507 children and 530 parents) are shown in Tables 1 and 2 . Because the numbers of children aged 0-4 years and parents aged 20-29 years were 26 and 5, respectively, these age groups were combined with the older age groups when the ORs were calculated. The ORs indicated that the older age groups had a higher risk of H. pylori infection with the exception of the 60-to 69-year age group (in which there were 4 individuals). Table 1 shows the ORs for H. pylori infection in children in relation to age, sex, family income, number of siblings and parents' infection status. The overall seropositivity rate of H. pylori infection in children was 9.3%. The seroprevalence of H. pylori infection was significantly lower among girls, with an OR of 0.45 (95% CI, 0.23-0.86). The family income was categorized on the basis of the standard criterion adopted for socioeconomic class in Brazil [23] (1 unit of monthly income = R$280, equivalent to US$80). There was no difference in the H. pylori seropositivity rate between families with 10 units or less of monthly income (7.0%) Table 2 shows H. pylori infection rates according to the characteristics of the parents. The overall seropositive rate of H. pylori infection was 39.2% among adults -43.4% for men and 35.1% for women. In the parents, seropositivity had an inverse association with their income. A positive history of gastrointestinal diseases showed an insignificant elevation of OR (1.85; 95% CI, 0.80-4.26). No associations were found with smoking habit and habitual alcohol drinking for either sex. Table 3 shows H. pylori positivity according to 5-year age groups and birth order. The H. pylori infection rate increased with age, but there were no significant differences according to birth order among any of the four age groups. Table 4 shows the associations between H. pylori seropositivity and living conditions for children. The use of a pacifier and mother's frequent symptoms of nausea and vomiting were associated with an increased risk for H. pylori infection, with ORs of 2.0 (95% CI, 1.06-3.75) and 20.4 (95% CI, 3.09-134.88), (Table 5 ). Even after adjustment for the listed factors with age, all the significant factors stated above remained statistically significant. We also analyzed other variables (as noted earlier), including type of house and area, frequency of the children sleeping with the mother, number of children sharing the same room, whether parents smoked or consumed alcohol; whether parents cleaned their child after going to the toilet; frequency of pickled vegetable intake in the children, and origin of the child's drinking water, but none was found to be significant (data not shown).
Discussion
Our serologic study to investigate H. pylori infection in healthy families of Japanese descendants living in São Paulo city showed an overall infection prevalence of 9.3% in children (mean age, 11.5 years). This observed pattern is similar to that reported in developed countries such as Finland [24] and Sweden [25] . The prevalence of H. pylori infection among Japanese Brazilian children in our study was much lower than that reported in other studies of children in Brazil. A Brazilian study conducted in a poor rural community in the state of Minas Gerais showed a prevalence of 51.9% in children with a mean age of 10.1 years [26] . In another study among children living in an urban area from the same state (Minas Gerais), the prevalence was 34.1% (mean age, 6.4 years) [27] . Children from an urban town in the northeast of Brazil showed a seropositivity rate of 39.3% (age, 8-11 years) [28] . Despite the complexity of comparing data from different geographic areas, the data support the concept that improvement in the public environment is associated with a general reduction in the prevalence of H. pylori infection in developing regions [11] . The present study was performed in children who were born in an urban setting in a developing country where improvement in sanitation infrastructure is well established. Another explanation for the low prevalence of H. pylori in our group is that the participants were volunteers and did not comprise a random sample. Thus, we may have included more individuals with good living conditions that may have influenced H. pylori transmission.
Recently, an H. pylori antigen stool test using monoclonal antibodies has shown very promising results, mainly in children and adolescents [29] . In the present Table 3 . Helicobacter pylori seropositivity, and 95% confidence intervals according to age and birth order among Japanese Brazilian children Age Helicobacter pylori seropositivity e 95% Confidence interval study, the diagnosis of H. pylori infection was performed by serologic testing, as adopted in other studies [26, 27] . It is reported that this method cannot be applied to young children because of low sensitivity in children below the age 12 years [30] . Furthermore, the use of antibiotics among the children was not determined. If antibiotic use was frequent in this group for the treatment of any kind of infection, this may have influenced the results in the children's group and may, in part, explain the difference in the rate of H. pylori seropositivity between the children and their parents. Information on the prevalence of H. pylori infection in São Paulo city is limited. In the study, the prevalence of H. pylori infection in the parents, with an average age of 44.5 years, was 39.2%. This frequency is similar to those reported in our previous study with Japanese Brazilian adults [19] . Age was an important risk factor for the acquisition of H. pylori infection [31] . Our data are consistent with the increase in H. pylori prevalence with age, but also showed a decreasing trend in the seropositive rate with birth year among Japanese Brazilians. A study conducted by Tsugane et al. [32] reported an H. pylori prevalence rate of 76.8% for Japanese Brazilians in São Paulo. These data are consistent with the notion that part of the increase in H. pylori prevalence noted with age may reflect the relative size of different birth cohorts with marked socioeconomic status difference of the family when the adults were children. Several studies in various areas have suggested that differences in H. pylori prevalence among different groups are associated with socioeconomic status [7, 33] . The present study found no significant association with the family income in the children; the H. pylori prevalence was, however, inversely related to income in the higher socioeconomic group of the parents. An apparent disadvantage of this population was its sociocultural homogeneity, which reduces the variation in exposure status, thereby decreasing the power of detecting effects in the children's group.
We also analyzed the relationship between H. pylori infection, habitual smoking, and alcohol consumption. Previous studies have shown that cigarette smoking or nicotine is a risk factor for H. pylori infection [34] . When evaluating cigarette smoking in relation to H. pylori infection in the parents, this study, as well as in our previous study [19] , we failed to observe any relationship. An association with smoking was reported for Japanese Americans in Seattle [35] and for 294 H. pylori-positive Italian volunteer blood donors [36] . There is still no agreement on the role of alcohol consumption, because alcohol is presumed to have both beneficial and adverse effects on H. pylori infection, by increasing the permeability of the mucus barrier or augmenting the mucosal defense function [37] . Our study and another with Japanese-Americans [35] did not find any significant association between H. pylori infection and alcoholic beverage intake.
One main purpose of the present study was to investigate intrafamilial factors or behaviors associated with H. pylori infection. A few studies have shown that a large sibship contributes to infection between siblings, suggesting that infection between siblings may be an infection route [38] [39] [40] . We found here that sibship size was positively associated with H. pylori infection, though the difference was not significant. The significant inverse association with a child's having her/his own room in our study is also consistent with previous reports which showed that crowded living conditions and sharing a bed were risk factors for H. pylori infection [10] .
The strong association of H. pylori infection in mother and child observed in our study is consistent with findings of other studies indicating person-toperson transmission in families [41] [42] [43] . Mothers have a longer and closer contact with their children. By contrast, the role of the father is thought to be minor in terms of the risk of H. pylori infection. Less frequent and less intensive contacts with the father may be the reason for the much weaker association with H. pylori infection in the child.
The route of transmission of H. pylori is subject to ongoing debate. A mother's frequent symptoms of vomiting were significantly associated with H. pylori seropositivity. These observations suggested that the oral-oral route plays an important role in the transmission of this disease; this concept is supported by other studies reporting the bacterium in the mouths of a substantial proportion of dyspeptic patients [44, 45] . The occasional presence of regurgitated gastric juice in the mouth could be a source of H. pylori transmission through the premastication of children's food, kisses, checking the milk temperature in the teats of feeding bottles, the common use of spoons or chopsticks, and cleaning a pacifier with the mouth, among others. The presence of the bacteria in the oral cavity in cultures from saliva and dental plaques in dyspeptic patients observed in previous studies support the idea of the transmission of H. pylori by mouth [46, 47] .
During the first few months of pregnancy it is normal for women to feel nausea and to vomit. Therefore, it is possible that an H. pylori-positive mother who has many children transmits H. pylori to their children during this period, which is consistent with the data that the greater the number of children, the greater is the H. pylori prevalence, although a clear difference in seropositivity was found between the youngest child and the elder siblings in our study.
Pacifier use was statistically significant for H. pylori infection. The use of pacifiers in children in Brazil is very common. The prevalence was 79% in children under 2 years [48] . We observed a prevalence of 32.7% in our cohort of Japanese Brazilian children. In previous studies pacifier use was associated with a higher risk of symptoms such as vomiting, fever, diarrhea, and colic related to inadequate hygiene practices [49] .
It was thought that the prevalence of H. pylori infection in children whose mothers cleaned the pacifier with their saliva would have been significantly increased as compared with the prevalence in those children whose mothers did not clean the pacifier this way. However, these results were not confirmed on our multivariate analysis. An important methodological issue may be information bias derived from the low positive response rate to this question. So, it possible that discrepancies between the information collected and true behavior led to an underestimation of the strength of the association.
H. pylori has been isolated from feces [50] ; therefore, fecal-oral spread is another possible route of transmission related to inadequate hygiene practices. Furthermore, water contaminated with fecal material has been considered a possible source of transmission [38] . In the current study, the information about the drinking water source or water purification practices showed no association with the acquisition of H. pylori infection. The lack of association may be due the high quality of the water consumed daily among the participants; thus, in this study, it was not possible to draw a conclusion.
Another finding of our study was the significantly lower seroprevalence observed in girls compared to boys. These data are consistent with previous studies described by Goodman et al. [38] and Xu et al. [51] and are different from those observed in previous studies in Brazil, where no significant difference in the prevalence of the infection occurs among boys and girls [26, 52] . In the present study, data were gathered from a general population of Japanese Brazilians with similar sociocultural levels and environmental conditions. Therefore, we assume that the high activity levels of boys may increase the potential for infection, or that girls play in cleaner surroundings than boys and therefore have a lower risk of exposure from an intradomiciliary source.
In this study, we evaluated risk factors for H. pylori infection in children and their parents. The strong evidence that the mother would be the likely source of the H. pylori infection transmitted to her children in this population of Japanese Brazilians suggests that the transmission occurs mainly within the family via close contact with infected individuals. With this knowledge of the high rate of intrafamilial spread, a practical approach would be to improve family hygiene practices, especially when a family member has symptoms of vomiting.
